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(57) ABSTRACT 
A power transmitting apparatus for digitally controlling Volt 
age and current of alternating current (AC) includes an input 
part, an output part, and a digital control part. The input part 
has a filtering protection module and a semiconductor Switch 
module connected to the filtering protection module. The 
filtering protection module has an input interface for input 
ting an AC signal from a power source. The output part has a 
filtering module and a Voltage and current feedback module 
connected to the filtering module. The Voltage and current 
feedback module has an output interface for outputting the 
AC signal from the input part. The filtering module is con 
nected to the semiconductor switch module of input part. The 
digital control part has a MCU control module electrically 
connected to the filtering protection module, the semiconduc 
tor switch module, and the voltage and current feedback 
module, respectively. 
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FIG. 3 
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POWER TRANSMITTINGAPPARATUS FOR 
DIGITALLY CONTROLLING VOLTAGE AND 
CURRENT OF ALTERNATING CURRENT 

SIGNAL 

FIELD OF THE INVENTION 

0001. The field of this invention generally relates to power 
conversion, and more particularly, digital power conversion 
for AC/AC applications. 

BACKGROUND OF THE INVENTION 

0002 The conventional device for AC/AC power conver 
sion realizes control scheme through the implement of the 
conventional transformer or utilizes AC-DC-AC inverted 
type control scheme, thus hardly achieving the purpose of 
precise control, simple circuit design, and size reduction of 
the device. 
0003 For instance, FIG. 1 illustrates the structure of a 
transformer that transfers Voltage by inductive coupling 
between its winding circuits. A primary winding of the trans 
former is connected to an AC power Source and thus AC is 
transformed and transmitted from a secondary winding of the 
transformer. FIG. 2 illustrates the schematic diagram show 
ing the concept of transmitting an AC Voltage signal by uti 
lizing the transformer, and Voltage V and V represent an 
input AC Voltage and an output AC Voltage, respectively. 
0004 FIG. 3 illustrates waveform transformation of con 
ventional AC/AC conversion. An input sinusoidal wave of the 
AC signal from an AC power source is converted to the a 
direct current (DC) waveform and the DC waveform is 
inversed to an output sinusoidal wave of the AC signal. The 
above process is able to be manipulated by a programmable 
controller to realize the conventional waveform transforma 
tion, but the characteristics the input sinusoidal wave of the 
AC signal is usually different from the those of output sinu 
soidal wave of the AC signal. Therefore, the conventional 
apparatus for AC/AC conversion is hard to make the charac 
teristics the output sinusoidal wave of the AC signal Substan 
tially identical to the input sinusoidal wave of the AC signal, 
thus causing low power factor and electric network pollution. 

SUMMARY OF THE INVENTION 

0005. In view of the above, an innovative power transmit 
ting apparatus for digitally controlling Voltage and current of 
alternating current is deemed necessary, thereby improving 
powerfactor, saving energy, and avoiding pollution of electric 
network So as to provide green energy resources. 
0006. In some embodiments, a power transmitting appa 
ratus for digitally controlling Voltage and current of alternat 
ing current (AC), comprises an input part, wherein the input 
part has a filtering protection module and a semiconductor 
Switch module connected to the filtering protection module, 
the filtering protection module having an input interface for 
inputting an AC signal from a power source; an output part, 
wherein the output part has a filtering module and a Voltage 
and current feedback module connected to the filtering mod 
ule, the Voltage and current feedback module having an out 
put interface for outputting the AC signal from the input part, 
and wherein the filtering module is connected to the semicon 
ductor Switch module of input part; a digital control part, 
wherein the digital control part has a MCU control module 
electrically connected to the filtering protection module, the 
semiconductor Switch module, and the Voltage and current 
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feedback module, respectively; wherein the AC signal is 
sequentially transmitted through an input interface to the 
filtering protection module for Voltage limitation and filtering 
and to the semiconductor Switch module, and a trigger signal 
is sent from the filtering protection module to the MCU con 
trol module so as to switch the MCU control module into an 
operating mode while the filtering protection module outputs 
the AC signal to the semiconductor switch module; wherein 
the semiconductor Switch module separates an input sinusoi 
dal wave of the AC signal into amplitude-adjustable positive 
and negative half-wave signals, and the amplitude-adjustable 
positive and negative half-wave signals are filtered and 
merged to an output sinusoidal wave of the AC signal, the 
output sinusoidal wave substantially identical to the input 
sinusoidal wave; and wherein the Voltage and current feed 
back module receives the output sinusoidal wave as feedback 
to the MCU control module so that the MCU control module 
is able to control the switching state of the semiconductor 
Switch module, thereby forming a close loop. 
0007. In other embodiments. A power transmitting appa 
ratus for digitally controlling Voltage and current of alternat 
ing current, comprises a three-phase alternating current cir 
cuit, wherein the three-phase alternating current circuit is 
arranged in delta connection (A) or star connection (Y), 
wherein each phase of the three-phase alternating current 
circuit comprises an input part, wherein the input part has a 
filtering protection module and a semiconductor Switch mod 
ule connected to the filtering protection module, the filtering 
protection module having an input interface for inputting an 
AC signal from a power Source; an output part, wherein the 
output part has a filtering module and a Voltage and current 
feedback module connected to the filtering module, the volt 
age and current feedback module having an output interface 
for outputting the AC signal from the input part, and wherein 
the filtering module is connected to the semiconductor Switch 
module of input part. In addition, a three-phase alternating 
current circuit has a digital control part, wherein the digital 
control part has a MCU control module electrically connected 
to each of the filtering protection modules, each of the semi 
conductor Switch modules, and each of the Voltage and cur 
rent feedback module, respectively; wherein the AC signal is 
sequentially transmitted through an input interface to the 
filtering protection modules for Voltage limitation and filter 
ing and to the semiconductor Switch modules, and a trigger 
signal is sent from the filtering protection modules to the 
MCU control module so as to switch the MCU control mod 
ule into an operating mode while the filtering protection mod 
ules outputs the AC signal to the semiconductor Switch mod 
ules; wherein each of the semiconductor switch module 
separates an input sinusoidal wave of the AC signal into 
amplitude-adjustable positive and negative half-wave sig 
nals, and the amplitude-adjustable positive and negative half 
wave signals are filtered and merged to an output sinusoidal 
wave of the AC signal, the output sinusoidal wave substan 
tially identical to the input sinusoidal wave; and wherein the 
Voltage and current feedback modules receive the output 
sinusoidal waves as feedback to the MCU control module so 
that the MCU control module is able to control the switching 
state of the semiconductor Switch modules, thereby forming a 
close loop. 
0008 Comparing the embodiments of the present inven 
tion to the conventional apparatus, it is obvious that the 
present invention has a plurality of advantages over the con 
ventional apparatus. 
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0009 Specifically, the embodiments of the present inven 
tion provides a power transmitting apparatus with precisely 
digital control scheme to reproduce and transmit a sinusoidal 
wave of the AC signal from the AC power source to a load, 
thereby improving power factor, saving energy, and avoiding 
pollution of electric network So as to provide green energy 
SOUCS. 

0010 Additionally, the embodiments of the present inven 
tion can effectively reduce the complexity and size of the 
conventional apparatus to solve the problems of the conven 
tional apparatus. Moreover, the present invention saves much 
usage of the non-ferrous metals (i.e. copper, aluminum) and 
the ferrous metals (i.e. iron, chromium) that can be applied in 
the fields of industry, the military, and the livelihood. For 
example, a terminal electronic power transformer of the live 
lihood, an AC Voltage regulator of the welding machines, and 
an AC Voltage regulator and driving circuit of the medical 
facilities. 
0011. The embodiments of the present invention may be 
employed to drive alternating-current generator, Synchronous 
generator, and asynchronous generator with the a fixed speed, 
a variable speed, or a variable torque to achieve the best 
energy balance, thereby saving energy and replacing the con 
ventional silicon controlled technology. The embodiments of 
the present invention may utilize to transmit and control 
single-phase or three-phase alternating current that be applied 
in the power fields of machinery manufacturing industry, 
chemistry industry, energy industry, electronic industry, light 
and textile industry, and hydraulic power generation industry. 
0012 For example, the medical equipments have the 
demand for providing a stable AC supply. The traditional 
nuclear magnetic resonance transformer has a larger size than 
the apparatus of the present invention, with slower response 
time. Compared to the second-response of the conventional 
apparatus, the millisecond-response of the apparatus in the 
present invention is apparently advantageous. 
0013 The embodiments of the present invention may be 
utilized in the household electric application for replacing the 
variable-frequency driving system to achieve the best operat 
ing mode for saving the energy. Also, the embodiments of the 
present invention may be classified into differential groups 
including the isolated type for the application of the electric 
driving system as well as the non-isolated type for the appli 
cation of the Voltage stabilizer, the Voltage regulator, and the 
electric power transmitting apparatus. 
0014. The apparatus of the present invention can precisely 
control the input and the output parameters by adopting digi 
tal control to achieve auto-control and self-adaptive control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 These and other features of the present invention 
will be more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings, in which like reference numerals designate identi 
cal or corresponding parts throughout the drawings, and in 
which: 
0016 FIG. 1 is a known wiring diagram for transmitting 
and controlling alternating current. 
0017 FIG. 2 is a known circuit diagram for transmitting 
and controlling alternating current. 
0018 FIG. 3 is a schematic diagram showing the conven 
tional AC/AC conversion. 
0.019 FIG. 4 is a schematic illustration of a non-isolated 
single-phase power transmitting apparatus for digitally con 

Jul. 3, 2014 

trolling Voltage and current of alternating current in accor 
dance with a first embodiment of the present invention. 
0020 FIG. 5 is a schematic diagram showing the process 
of waveform transformation of a single-phase power trans 
mitting apparatus for digitally controlling Voltage and current 
ofalternating currentinaccordance with the first embodiment 
of the present invention. 
0021 FIG. 6 is a block diagram of a non-isolated single 
phase low power transmitting apparatus for digitally control 
ling Voltage and current of alternating current in accordance 
with the first embodiment of the present invention. 
0022 FIG. 7 is a circuit diagram of the filtering protection 
module in accordance with the first embodiment of the 
present invention. 
0023 FIG. 8 is a circuit diagram of the semiconductor 
switch module inaccordance with the first embodiment of the 
present invention. 
0024 FIG. 9 is a circuit diagram of the filtering module in 
accordance with the first embodiment of the present inven 
tion. 
0025 FIG. 10 is a circuit diagram of the voltage current 
feedback module in accordance with the first embodiment of 
the present invention. 
0026 FIG. 11 is an illustrative scheme of a MCU control 
module in accordance with the first embodiment of the 
present invention. 
0027 FIG. 12 is a diagram showing a transformation of 
the input sinusoidal wave of the AC signal in accordance with 
the first embodiment of the present invention. 
0028 FIG. 13 is a diagram showing a transformation of 
the output sinusoidal wave of the AC signal in accordance 
with the first embodiment of the present invention 
0029 FIG. 14 is a block diagram of a non-isolated single 
phase large power transmitting apparatus for digitally con 
trolling Voltage and current of alternating current in accor 
dance with a second embodiment of the present invention. 
0030 FIG. 15 is a block diagram of a non-isolated three 
phase power transmitting apparatus for digitally controlling 
Voltage and current of alternating current in accordance with 
a third embodiment of the present invention. 
0031 FIG. 16 is a block diagram of an isolated single 
phase large power transmitting apparatus for digitally con 
trolling Voltage and current of alternating current in accor 
dance with a fourth embodiment of the present invention. 
0032 FIG. 17 is a block diagram of an isolated single 
phase large power transmitting apparatus for digitally con 
trolling Voltage and current of alternating current in accor 
dance with the fourth embodiment of the present invention. 
0033 FIG. 18 is a block diagram of an isolated single 
phase power transmitting apparatus for digitally controlling 
Voltage and current of alternating current in accordance with 
a fifth embodiment of the present invention. 
0034 FIG. 19 is a block diagram of an isolated three-phase 
large power transmitting apparatus for digitally controlling 
Voltage and current of alternating current in accordance with 
a sixth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0035. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which exemplary embodiments of the invention are 
shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the 
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embodiments set fourth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention to 
those skilled in the art. Like reference numerals refer to like 
elements throughout. 
0036. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises” and/ 
or “comprising,” or “includes” and/or “including” or “has' 
and/or “having when used herein, specify the presence of 
stated features, regions, integers, steps, operations, elements, 
and/or components, but do not preclude the presence or addi 
tion of one or more other features, regions, integers, steps, 
operations, elements, components, and/or groups thereof. 
0037. It will be understood that the term “and/or includes 
any and all combinations of one or more of the associated 
listed items. It will also be understood that, although the terms 
first, second, third etc. may be used herein to describe various 
elements, components, regions, parts and/or sections, these 
elements, components, regions, parts and/or sections should 
not be limited by these terms. These terms are only used to 
distinguish one element, component, region, part or section 
from another element, component, region, layer or section. 
Thus, a first element, component, region, part or section dis 
cussed below could be termed a second element, component, 
region, layer or section without departing from the teachings 
of the present invention. 
0038. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and the present disclosure, and will not be interpreted in an 
idealized or overly formal sense unless expressly so defined 
herein. 
0039. The description will be made as to the embodiments 
of the present invention in conjunction with the accompany 
ing drawings in FIGS. 1.-19. Reference will be made to the 
drawing figures to describe the present invention in detail, 
wherein depicted elements are not necessarily shown to Scale 
and wherein like or similar elements are designated by same 
or similar reference numeral through the several views and 
same or similar terminology. 
0040 FIG. 4 to FIG. 13 illustrate the structures in accor 
dance with a first embodiment of the present invention. 
0041. In the first embodiment, the power transmitting 
apparatus for digitally controlling Voltage and current of 
alternating current is a non-isolated type power converter, 
including an input part 10, an output part 20, and a digital 
control part 30. The input part 10 has a filtering protection 
module 11 and a semiconductor Switch module 12, and the 
output part 20 has a filtering module 21 and a Voltage and 
current feedback module 22. In addition, the digital control 
module 30 has a microcontroller unit (MCU) 31. 
0042. Referring to the FIG. 4 and FIG. 5, the filtering 
protection module 11 provides an input interface for inputting 
an AC signal from an AC power Source and the Voltage and 
current feedback module 22 provides an output interface for 
outputting the AC signal to a load. The MCU31 is electrically 
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connected to the filtering protection module 11, to the semi 
conductor Switch module 12, and to the Voltage and current 
feedback module 22 respectively, thereby forming a close 
loop. The AC signal is transmitted from the input interface of 
the filtering protection module 11 to the output interface of 
semiconductor Switch module 22 via the semiconductor 
Switch module 12 and the filtering module 21 in sequence. 
The filtering protection module 11 is used for voltage limita 
tion and filtering protection of alternating current from the 
input interface of filtering protection module 11. After the 
filtering protection module 11 confirms that the alternating 
current from the input interface is in a safe condition, a trigger 
signal is sent from the filtering protection module 11 to Switch 
the MCU31 into an operating mode. Otherwise, the MCU31 
is in a standby mode. Preferably, the semiconductor switch 
module 12 is able to be a large power Switching module and 
is used to separate the AC signal outputted from the filtering 
protection module into amplitude-adjustable positive and 
negative half-wave signals. The filtering module 21 is used to 
filter and merge the amplitude-adjustable positive and nega 
tive half-wave signals such that an output sinusoidal wave of 
the AC signal is formed and Substantially identical to an input 
sinusoidal wave of the AC signal from the AC power source. 
The voltage and current feedback module 22 is used to collect 
a Voltage signal and/or a current signal of the output sinusoi 
dal wave and provide the Voltage signal and/or the current 
signal as feedback to the MCU control module 31. Therefore, 
the MCU control module 31 is able to control the switching 
state of the semiconductor Switch module 12 according to the 
Voltage and current signals of the AC output, thus accurately 
controlling and managing the output sinusoidal wave of the 
AC signal. Additionally, the MCU control module 31 may 
have a manual control mode and an automatic control mode. 

0043 FIG. 6 illustrates a block diagram of a non-isolated 
single-phase low power transmitting apparatus for digitally 
controlling Voltage and current of alternating current. The 
input interface of the filtering protection module 11 is con 
nected to the AC power source, and an output interface of the 
filtering protection module 11 is connected to the semicon 
ductor switch module 12, the filtering module 21, and the 
voltage and current feedback module 22. Additionally, the 
filtering protection module 11, the semiconductor switch 
module 12, the filtering module 21, and the Voltage and cur 
rent feedback module 22 are electrically connected to the 
MCU control module 31. 

0044 FIG. 7 illustrates a circuit diagram of the filtering 
protecting module 11 including a first varistor, a second varis 
tor, a first common-mode inductor L1, a second common 
mode inductor L2, and a capacitor. A live wire 51 and a 
neutral wire 52 from the AC power source are connected to 
the input part 10. The first varistor and the first common-mode 
inductor L1 are is series with the live wire 51, and the second 
Varistor and the second common-mode inductor L2 are in 
series with the neutral wire 52, and the capacitor is connected 
to a node 1 of the live wire 51 and a node 2 of the neutral wire 
52 and thus is in parallel with the first common-mode inductor 
L1 and the second common-mode inductor L2. Additionally, 
a node 3 of the live wire 51 and a node 4 of the neutral wire 52 
are electrically connected to MCU control module 31 for 
providing the AC signal from the AC power source to the 
MCU control module31. In FIG.7, the common-mode induc 
tor L1 and the common-mode inductor L2 are used to filter 
common-mode signals of the AC signal, and the first varistor 
and the second varistor are used for Voltage limitation by 
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utilizing non-linear characteristics of the varistor. The varis 
tor is a Voltage clamping device that limits the input Voltage 
value to a safety level for providing circuit protection. 
0045 FIG. 8 is a circuit diagram of the semiconductor 
Switch module 21 including a first semiconductor Switch 
IGBT (1) and a second semiconductor switch IGBT (2) in 
series with the first semiconductor switch IGBT (1). The first 
semiconductor switch IGBT (1) has an emitter Econnected to 
a second livewire node 6, a collector C connected to a first 
livewire node 5, and a gate G connected to the MCU control 
module 31, respectively. The second semiconductor switch 
IGBT (2) has an emitter Econnected to the first livewire node 
5, a collector C connected to the second livewire node 6, and 
a gate G connected to the MCU control module 31, respec 
tively. The first semiconductor switch IGBT (1) and the sec 
ond semiconductor switch IGBT (2) could be adapted to 
precisely control the output sinusoidal wave of the AC signal. 
0046 FIG.9 is a circuit diagram of the filtering module 21 
including a first inductor L1, a second inductor L2 and a 
capacitor C. The first inductor L1 is connected to and in series 
with the live wire 51, and the second inductor L2 is connected 
to and in series with the neutral wire 52. The capacitor C is 
connected to a node 7 of the live wire 51 and to a node 8 of the 
neutral wire 52, and the capacitor C is in parallel with the first 
inductor L1 and the second inductor L2. Additionally, the 
node 9 and the node 10 are connected to the MCU control 
module 31 for providing the AC signal filtered by the filtering 
module 21. Namely, the combination of the first inductor L1, 
the second inductor L2, and the capacitor C realizes filtering 
and anti-interference regarding the processing of the AC sig 
nal. 

0047 FIG. 10 is a circuit diagram of the voltage and cur 
rent feedback module 22 including a current feedback mod 
ule formed by a first inductor L1 and a second inductor L2 and 
a voltage feedback module formed by a third inductor L3 and 
a fourth inductor L4. The current feedback module is electri 
cally connected to the live wire 51, and the voltage feedback 
module is electrically connected to the live wire 51 and to the 
neutral wire 52. Thus the current and the voltage of the AC 
signal outputted from the semiconductor Switch module 21 is 
able to be properly detected by the current feedback module 
and the Voltage feedback module respectively, and the Voltage 
and current feedback module 22 provides feedback signals to 
the MCU control module 31, the feedback signals corre 
sponding to the current and the Voltage of the AC signal 
outputted from the semiconductor switch module 21. 
0048 FIG. 11 is an illustrative scheme of the MCU control 
module 31. The MCU control module 31 comprises an 8-bit 
control bus and a plurality of functional units connected to the 
8-bit control bus. The plurality of functional units include a 
program counter, a flash memory, a register, an instruction 
decoder, a programming logic, a stack pointer, a static 
memory, a general register, an operator, a static register, a 
watchdog, a MCU timer, a MCU status register, a timer/ 
counter 0, a timer/counter 1, a universal serial interface, a 
interrupt unit, a data memory, an internal crystal of counter, a 
timer and controlling unit, a crystal, a digital/analog com 
parator, a data return port, a data temporary storage port, and 
a program interface. A program is step up in the MCU control 
module 31 for collecting the signals coming from the filtering 
protection module 11, the semiconductor switch module 12, 
the filtering module 21, and the voltage and current module 22 
for performing collection, analysis, comparison, and calcula 
tion. Consequently, the MCU control module 31 provides 
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control signals to switch the first semiconductor IGBT switch 
(1) and the second semiconductor IGBT switch (2) respec 
tively, thereby precisely controlling the separation and merge 
of the sinusoidal wave of the AC signal in a range of 50 Hz to 
60 HZ. 

0049 FIG. 12 illustrates a transformation of the input 
sinusoidal wave of the AC signal in the input part 10. The 
input sinusoidal wave of the AC signal is transformed to a 
plurality of amplitude-adjustable sinusoidal waves according 
to a Voltage converting mechanism. 
0050 FIG. 13 illustrates a transformation of the output 
sinusoidal wave of the AC signal in the input part 10. The 
plurality of amplitude-adjustable sinusoidal waves of the AC 
signal are merged to the output sinusoidal wave of the AC 
signal Substantially identical to an input sinusoidal wave of 
the AC signal according to the Voltage converting mechanism. 
0051 FIG. 14 is a schematic illustration of a non-isolated 
single-phase power transmitting apparatus for digitally con 
trolling Voltage and current of alternating current in accor 
dance with a second embodiment. The second embodiment is 
basically similar to the first embodiment, regarding the input 
part 10 and the output part 20. The differences are that a 
half-wave detection module 60 is connected to the input part 
10 and to the output part 20. The half-wave detection module 
60 includes a positive half-wave detection module 61 con 
nected to the live wire 51 and a negative half-wave detection 
62 module connected the neutral wire 52. The positive half 
wave detection module 61 is utilized to detect the phase, 
starting point, and the current of the positive half-wave of the 
output sinusoidal wave of the AC signal, and the negative 
half-wave detection module 62 is utilized to detect the phase, 
starting point, and the current of the negative half-wave of the 
output sinusoidal wave of the AC signal, thus preserving the 
waveform symmetry of the positive half-wave and the nega 
tive half-wave of the output sinusoidal wave of the AC signal. 
0.052 FIG. 15 is a block diagram of a three-phase power 
transmitting apparatus for digitally controlling Voltage and 
current of alternating current in accordance with a third 
embodiment of the present invention. The third embodiment 
is basically similar to the first embodiment. The differences 
are that, in the third embodiment, the electrical structure of 
each phase of a three-phase alternating current circuit has its 
own input part 10 and its own output part 20. In addition, all 
the input parts 10 are electrically connected to one another 
and are connected to the digital control part 30. Also, all the 
output parts 20 are electrically connected to one another and 
are connected to the digital control part 30. Therefore, the 
MCU control module 31 can precisely control the parameters 
of the input part 10 and those of the output parts 20. 
0053 FIG. 16 and FIG. 17 are block diagrams of an iso 
lated power transmitting apparatus for digitally controlling 
Voltage and current of alternating current in accordance with 
a fourth embodiment of the present invention. The isolation is 
realized through the implement of the transformer part 40 in 
the fourth embodiment. The fourth embodiment is basically 
similar to the first embodiment, regarding the input part 10, 
output part 20, and the digital control part30. The differences 
are that, in the fourth embodiment, the transformer part 40 is 
disposed between the input part 10 and the output part 20 and 
is also connected to the input part 10 and the output part 20 
respectively, thus realizing isolation. The transformer part 40 
includes a first transformer 41 and a second transformer 42. A 
primary coil 401 of the first transformer 41 and a primary coil 
401 of the second transformer 42 are electrically connected to 



US 2014/018417.6 A1 

the semiconductor switch module 12. The secondary coil 402 
of the first transformer 41 and the secondary coil 402 of the 
second transformer 42 are electrically connected to the filter 
ing module 21. 
0054 FIG. 18 is a block diagram of a single-phase power 
transmitting apparatus for digitally controlling Voltage and 
current of alternating current. in accordance with a fifth 
embodiment of the present invention. The fifth embodiment is 
basically similar to the fourth embodiment, regarding the 
input part 10, output part 20, and the digital control part 30. 
The differences are that, in the fifth embodiment, the filtering 
module 21 includes a positive half-wave filtering module 211 
and a negative half-wave filtering module 212. The positive 
half-wave filtering module 211 is connected to the secondary 
coil 402 of the first transformer 41 and to the voltage and 
current feedback module 22, and the negative half-wave fil 
tering module 212 is connected to the secondary coil 402 of 
the second transformer 42 and to the Voltage and the current 
feedback module 22. 
0055 FIG. 19 is a block diagram of a three-phase large 
power transmitting apparatus for digitally controlling Voltage 
and current of alternating current in accordance with a sixth 
embodiment of the present invention. The three-phase alter 
nating current circuit in the sixth embodiment may be 
arranged in delta connection (A) or star connection (Y). The 
sixth embodiment of the present invention is basically similar 
to the fourth embodiment. The differences are that, in the 
sixth embodiment, the electrical structure of each phase of a 
three-phase alternating current circuit has its own input part 
10 and its own output part 20. In addition, all the input parts 
10 are electrically connected to one another and are con 
nected to the digital control part 30. Also, all the output parts 
20 are electrically connected to one another and are con 
nected to the digital control part 30. Therefore, the MCU 
control module 31 can precisely control the parameters of the 
input part 10 and those of the output parts 20. 
0056 Previous descriptions are only embodiments of the 
present invention and are not intended to limit the scope of the 
present invention. Many variations and modifications accord 
ing to the claims and specification of the disclosure are still 
within the scope of the claimed invention. In addition, each of 
the embodiments and claims does not have to achieve all the 
advantages or characteristics disclosed. Moreover, the 
abstract and the title only serve to facilitate searching patent 
documents and are not intended in any way to limit the scope 
of the claimed invention. 
What is claimed is: 
1. A power transmitting apparatus for digitally controlling 

Voltage and current of alternating current (AC), comprising: 
an input part, wherein the input part has a filtering protec 

tion module and a semiconductor Switch module con 
nected to the filtering protection module, the filtering 
protection module having an input interface for input 
ting an AC signal from a power source; 

an output part, wherein the output part has a filtering mod 
ule and a Voltage and current feedback module con 
nected to the filtering module, the Voltage and current 
feedback module having an output interface for output 
ting the AC signal from the input part, and wherein the 
filtering module is connected to the semiconductor 
Switch module of input part; 

a digital control part, wherein the digital control part has a 
MCU control module electrically connected to the fil 
tering protection module, the semiconductor Switch 
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module, and the Voltage and current feedback module, 
respectively; wherein the AC signal is sequentially 
transmitted through an input interface to the filtering 
protection module for Voltage limitation and filtering 
and to the semiconductor Switch module, and a trigger 
signal is sent from the filtering protection module to the 
MCU control module so as to switch the MCU control 
module into an operating mode while the filtering pro 
tection module outputs the AC signal to the semiconduc 
tor Switch module; wherein 

the semiconductor Switch module separates an input sinu 
soidal wave of the AC signal into amplitude-adjustable 
positive and negative half-wave signals, and the ampli 
tude-adjustable positive and negative half-wave signals 
are filtered and merged to an output sinusoidal wave of 
the AC signal, the output sinusoidal wave Substantially 
identical to the input sinusoidal wave; and wherein 

the voltage and current feedback module receives the out 
put sinusoidal wave as feedback to the MCU control 
module so that the MCU control module is able to con 
trol the switching state of the semiconductor switch 
module, thereby forming a close loop. 

2. The apparatus of claim 1, wherein the semiconductor 
switch module is electrically connected to a live wire of the 
AC signal. 

3. The apparatus of claim 2, wherein the semiconductor 
switch module further comprises: 

a first semiconductor Switch and a second semiconductor 
Switch connected to the first semiconductor device, 
wherein the first semiconductor device and the second 
semiconductor device are disposed between a first 
livewire node and a second livewire node, wherein the 
first semiconductor device has an emitter connected to 
the second livewire node, a collector connected to the 
first livewire node, and a base connected to the MCU 
control module, respectively, and the second semicon 
ductor device has an emitter connected to the first 
livewire node, a collector connected to the second 
livewire node, and a base connected to the MCU control 
module, respectively. 

4. The apparatus of claim 1, wherein the filtering protection 
module further comprises: 

a first varistor and a second varistor for overvoltage pro 
tection, wherein the first varistor is connected to a live 
wire, and the second varistor is connected to a neutral 
wire; 

a first inductor and a second inductor, wherein the first 
inductor is connected to the live wire, and the second 
inductor is connected to the neutral wire; and 

a capacitor, wherein the capacitor is electrically connected 
to the first inductor and the second inductor, thereby 
forming a filtering circuit for filtering common mode 
signals. 

5. The apparatus of claim 1, wherein the filtering module 
further comprises: 

a first inductor and a second inductor, wherein the first 
inductor is connected to a live wire, and the second 
inductor is connected to a neutral wire; and 

a capacitor, wherein the capacitor is connected to the live 
wire and to the neutral wire. 

6. The apparatus of claim 1, wherein the Voltage and cur 
rent feedback module further comprises: 
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a current feedback module, wherein the current feedback 
module connected to a live wire includes a first inductor 
and a second inductor, and 

a voltage feedback module, wherein the voltage feedback 
module connected to the live wire and to a neutral wire 
includes a third inductor and a fourth inductor. 

7. The apparatus of claim 1, wherein the MCU control 
module further comprises: an 8-bit control bus and a plurality 
of functional units connected to the 8-bit control bus, wherein 
a plurality of functional units includes a program counter, a 
flash memory, a register, an instruction decoder, a program 
ming logic, a stackpointer, a static memory, a general register, 
an operator, a static register, a watchdog, a MCU timer, a 
MCU status register, a timer/counter 0, a timer/counter 1, a 
universal serial interface, a interrupt unit, a data memory, a 
internal crystal of counter, a timer and controlling unit, a 
crystal, a digital/analog comparator, a data return port, a data 
temporary storage port, and a program interface. 

8. The apparatus of claim 1, wherein a half-wave detection 
module is connected to the semiconductor Switch module of 
the input part and to the filtering module of the output part, 
wherein the half-wave detection module includes a positive 
half-wave detection module connected to a live wire and a 
negative half-wave detection module connected a neutral 
wire. 

9. The apparatus of claim 1, wherein a first transformer and 
a second transformer are connected to the semiconductor 
switch module of the input part and to the filtering module of 
the output part, wherein a primary coil of the first transformer 
and a primary coil of the second transformer are electrically 
connected to the semiconductor Switch module, and the sec 
ondary coil of the first transformer and the secondary coil of 
the second transformer are electrically connected to the fil 
tering module. 

10. The apparatus of claim 1, wherein the filtering module 
further comprises a positive half-wave filtering module and a 
negative half-wave filtering module. 

11. A powertransmittingapparatus for digitally controlling 
Voltage and current of alternating current, comprising: 

a three-phase alternating current circuit, wherein the three 
phase alternating current circuit is arranged in delta con 
nection (A) or star connection (Y), wherein each phase 
of the three-phase alternating current circuit comprises: 

an input part, wherein the input part has a filtering protec 
tion module and a semiconductor Switch module con 
nected to the filtering protection module, the filtering 
protection module having an input interface for input 
ting an AC signal from a power source; 

an output part, wherein the output part has a filtering mod 
ule and a Voltage and current feedback module con 
nected to the filtering module, the Voltage and current 
feedback module having an output interface for output 
ting the AC signal from the input part, and wherein the 
filtering module is connected to the semiconductor 
Switch module of input part; and 

a digital control part, wherein the digital control part has a 
MCU control module electrically connected to each of 
the filtering protection modules, each of the semicon 
ductor Switch modules, and each of the Voltage and 
current feedback module, respectively; wherein 

the AC signal is sequentially transmitted through an input 
interface to the filtering protection modules for Voltage 
limitation and filtering and to the semiconductor Switch 
modules, and a trigger signal is sent from the filtering 
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protection modules to the MCU control module so as to 
switch the MCU control module into an operating mode 
while the filtering protection modules outputs the AC 
signal to the semiconductor Switch modules; wherein 

each of the semiconductor Switch module separates an 
input sinusoidal wave of the AC signal into amplitude 
adjustable positive and negative half-wave signals, and 
the amplitude-adjustable positive and negative half 
wave signals are filtered and merged to an output sinu 
soidal wave of the AC signal, the output sinusoidal wave 
Substantially identical to the input sinusoidal wave; and 
wherein 

the voltage and current feedback modules receive the out 
put sinusoidal waves as feedback to the MCU control 
module so that the MCU control module is able to con 
trol the switching state of the semiconductor switch 
modules, thereby forming a close loop. 

12. The apparatus of claim 11, wherein the semiconductor 
switch module is electrically connected to a live wire of the 
AC signal. 

13. The apparatus of claim 12, wherein the semiconductor 
switch module further comprises: 

a first semiconductor Switch and a second semiconductor 
Switch connected to the first semiconductor device, 
wherein the first semiconductor device and the second 
semiconductor device are disposed between a first 
livewire node and a second livewire node, wherein the 
first semiconductor device has an emitter connected to 
the second livewire node, a collector connected to the 
first livewire node, and a base connected to the MCU 
control module, respectively, and the second semicon 
ductor device has an emitter connected to the first 
livewire node, a collector connected to the second 
livewire node, and a base connected to the MCU control 
module, respectively. 

14. The apparatus of claim 11, wherein the filtering pro 
tection module further comprises: 

a first varistor and a second varistor for overvoltage pro 
tection, wherein the first varistor is connected to a live 
wire, and the second varistor is connected to a neutral 
wire; 

a first inductor and a second inductor, wherein the first 
inductor is connected to the live wire, and the second 
inductor is connected to the neutral wire; and a capacitor, 
wherein the capacitor is electrically connected to the 
first inductor and the second inductor, thereby forming a 
filtering circuit for filtering common mode signals. 

15. The apparatus of claim 11, wherein the filtering module 
further comprises: 

a first inductor and a second inductor, wherein the first 
inductor is connected to a live wire, and the second 
inductor is connected to a neutral wire; and 

a capacitor, wherein the capacitor is connected to the live 
wire and to the neutral wire. 

16. The apparatus of claim 1, wherein the voltage and 
current feedback module further comprises: 

a current feedback module, wherein the current feedback 
module connected to a live wire includes a first inductor 
and a second inductor, and 

a voltage feedback module, wherein the voltage feedback 
module connected to the live wire and to a neutral wire 
includes a third inductor and a fourth inductor. 

17. The apparatus of claim 11, wherein the MCU control 
module further comprising an 8-bit control bus and a plurality 
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of functional units connected to the 8-bit control bus, wherein 
a plurality of functional units includes a program counter, a 
flash memory, a register, a instruction decoder, a program 
ming logic, a stackpointer, a static memory, a general register, 
a operator, a static register, a watchdog, a MCU timer, a MCU 
status register, a timer/counter 0, a timer/counter 1, a univer 
sal serial interface, a interrupt unit, a data memory, a internal 
crystal of counter, a timer and controlling unit, a crystal, a 
digital/analog comparator, a data return port, a data tempo 
rary storage port, and a program interface. 

18. The apparatus of claim 11, wherein a half-wave detec 
tion module is connected to the semiconductor Switch module 
of the input part and to the filtering module of the output part, 
wherein the half-wave detection module includes a positive 
half-wave detection module connected to a live wire and a 
negative half-wave detection module connected a neutral 
wire. 

19. The apparatus of claim 11, wherein a first transformer 
and a second transformer are connected to the semiconductor 
switch module of the input part and to the filtering module of 
the output part, wherein a primary coil of the first transformer 
and a primary coil of the second transformer are electrically 
connected to the semiconductor Switch module, and the sec 
ondary coil of the first transformer and the secondary coil of 
the second transformer are electrically connected to the semi 
conductor filtering module. 

20. The apparatus of claim 11, wherein the filtering module 
further comprises a positive half-wave filtering module and a 
negative half-wave filtering module. 
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